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PREFACE

This report was prepared by Rockwell International Corporation, Los
Angeles Aircraft Division, Los Angeles, California, under Contract
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Deputy for Development Planning, Air Force System Command, Wright-Patterson
Air Force Base, Chio, and extended from September 1971 to June 1974.

Eugene L. Bahns, ASD/XRHD, was the Air Force program manager. Leonard
Ascani was the program manager for Rockwell International. Other Rockwell
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Hayase - Mass Properties

G.
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D. Chaloff - Mass Properties

C. Martindale - Mass Properties

H. Rockwell - Mass Properties

R. Allen - Mass Properties

P. Wildermuth - Airloads

G. Rothamer - Airloads

T. Byar - Airloads

S. Siegel - Structural Dynamics

S. Mellin - Structure and Fatigue

H. Haroldson - Thermodynamics

D. Konishi - Advanced Composites

C. Hodson - Structural Dynamics

The final report was published in 11 volumes; the complete list is as
follows:

Volume

I ""Executive Summary''

II "Program Integration and Data Management Module"

IITI  "Airloads Estimation Module"

IV "Material Properties, Structure lTemperature, Flutter, and Fatigue"
V' "Air Induction System and Landing Gear Modules'

VI '""Wing and Empennage Module'

VII  "Fuselage Module"

VIII 'Programmer's Manual"

IX "User's Manual"'

X "Flutter Optimization Stand-Alone Program'

XI "Flexible Airloads Stand-Alone Program'
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INTRODUCTION TO VOLWME VI

The structural weight estimation program (SWEEP) has been developed as
an analytical aircraft structural weight prediction tool suitable for use in
the preliminary design phase of vehicle synthesis. Structure weight estimates
for the three 1lifting surface components of any aircraft design are made by
the wing and empennage module of SWEEP. This volume describes the pro-
cedures and internal operations of the module for:

® Structure and mass properties estimation of wing, horizontal tail,
and vertical tail surfaces.

* Interface with the control and data development modules of SWEEP.

* Optional analysis of primary structures designed with metallic or
advanced composite materials.

® Optional analysis and output of design data for use by the stand-
alone flutter optimization and flexible airloads programs.

Volume VI is organized into eight separate books:

® Books 1 through 3 contain technical information describing the
module, methods used, and the applicable module core maps.

® Books 4 through 8 contain Appendixes A through F, which include

program flow charts and listings for the eight major segments of
the module.
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BOOK 1

TECHNICAL DISCUSSION, SECTIONS I AND II
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Section 1

MODULE DESCRIPTION

The wing and empennage module of SWEEP develops structure weight and
mass distribution estimates for wing, horizontal tail, and vertical tail
surfaces. The procedure used is designed to analytically evaluate the effects
important to design parameters such as air vehicle design criteria, surface
geometry and structural arrangements, materials and constructions, etc. This
is accomplished through a close approximation design and analysis procedures
programmed to describe detail surface geometry properties and structural
design requirements. These are used to synthesize structural geometries and
material requirements so that analysis for weights and mass distributions
can be made.

GLENERAL DESCRIPTION

The module consists of routines in level (8,0), (9,0), (10,0), (14,0),
(1s,0), (16,0), (17,0), and (18,0) overlays of SWEEP. It is executed once
for each surface analyzed during a problem case. Design data are processed
into component data arrays for the module in accordancc with design require-
ments for surface type and analysis control information on case control
card 2. Logic is programmed to permit module execution for each component
analysis in stand-alone mode or integrated with other SWEEP analysis modules.

In the stand-alone mode, all design data are input through the input data
decks for the surfaces. The module is executed in conjunction with the input
data processing module in SWEEP, overlay (1,0), and the output module, overlay
(13,0). In the integrated mode of operation, analysis data are camputed by
SWEEP design data development modules. The data are transmitted to the wing
and empennage module through mass storage file records to be processed and
used in accordance to control and analysis information in the input data
decks for the component.

The wing and empennage module consists of major subroutine groupings
designed to perform computational functions related to:

1. Module input data processing of problem design information from
component input data decks, SWEEP data bank, and mass storage file
records containing criteria and design information developed by other
SWEEP modules.*

2. Surface geometry calculation to define and locate all structural
components of the surface.

31
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3. Surface design requirements calculations to define parameters such
as design airloads, required flutter stiffness, material properties,
and deadweight inertia loads.

4. Structural synthesis of surface torque-box structures and, if
required, pivot structures of variable-sweep wing designs.

5. Detail weight estimates for each element of the torque-box and sta-
tistically derived weight estimates for the other major structural
components of the surface. Mass characteristics are determined for
all structures so that estimates can be made for weight distribu-
tions, centroids, and inertias.

6. Module processing of analysis results for the OUTPUT module of
SWEEP and for output printing of pertinent data.

The eight overlays of the wing and empennage module are logically con-
trolled by SWEFP control program @LAY00, overlay (0,0). The logical order of
their execution and primary computational functions are shown in Figure 1.
The module contains 109 separate subprograms, including the eight overlay
programs. Nineteen of the subroutines are used in two or more overlays.
Table 1 contains an alphabetical listing for all 128 subroutines found in
the eight module overlays.

All problem data for analysis control and/or input of variables to each
of these parts can be made through the input data deck. Module logic is
programmed so that variables input through the input data deck supersede
design data stored on mass storage files. Each component input data array is
initialized from data blocks of the SWEEP data bank. Except for differences
in weight correlation factors, the initial values for each surface are identi-
cal. Material properties for metallic structure analysis are obtained from
from the material library of the data bank. Airfoil and flutter analysis
constants for T-tail vertical tails are also obtained, as required, from data
sets in the data bank.

Lifting surface designs with unique configuration and physical arrange-
ments which can be analyzed include:

e Variable-sweep wings for which pivot structures and effect of sweep
position are evaluated in the loads and flutter requirement analysis.

e Vertical tails in a T-tail arrangement for which horizontal tail

effects on vertical tail design loads and flutter requirements are
evaluated.
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e Nonlinear surface planforms due to leading edge blending and cranked
trailing edges.

e Nonlinear torque-box cross sections due to nonlinear true aerodynamic
chords and/or variable-thickness ratios (t/c) along the exposed span.

e Leading and trailing edge control surface arrangements.

These design features are described by input of specific sets of data.
Module analysis is controlled by input control data associated with the data
set. Internal logic assumes no evaluation to be made for these features in
the absence of the control data and associated data sets.

The primary option for torque-box stiucture evaluation is the analysis
of designs with either metallic or advanced composite materials. The default
analysis is metallic design which is made by execution of overlays (9,0) and
(10,0) in conjunction with overlays (8,0), (14,0), (15,0), (16,0), and (17,0).
These overlays can be operated under SWEEP core requirements of 50,000 octal
cell locations or. the CDC 6600 computer. Advanced composite torque-box
designs are analyzed by execution of overlay (18,0) instead of (9,0) and
(10,0). This overlay, plus the other module overlays previously listed, must
be operated under core requirements of 100,000 octal cells. Execution of the
metallic or advanced composite overlays is dictated by control information in
colums 39 through 44 of case control card 2 and assumes that compatible
design infornation is provided in the appropriate locations of the input data
deck. The advanced composite analysis is based on evaluation of lamina
requirements for a balanced, symmetric laminate system consisting of required
plies with fibers oriented 0°, #45°, and 90° to the direction of applied
axial loads. '

The structural synthesis/weight analysis for both metallic and advanced
composite designs is programmed using similar optimization and evaluation
procedures. Synthesis and search options are provided so that torque-box
designs can be optimized or evaluated tc specified structural arrangements
and constraints.

A special option of the wing and empennage module permits the output of
design and mass distribution data on punch cards for use as input data to the
Flutter Optimization Program and the Flexible Loads Analysis Program. These
programs are independent stand-alone programs also developed under this
contract and are described in Volumes X and XI, respectively. Descriptions
of input and output data for this option can be found in the discussions
under ''Analysis Options,'" of this section.

The program is structured to evaluate weights for up to three assumed
gross weights during one case in the stand-alone mode. In the integrated
mode of operation, only the second gross weight loop is executed. The three-
gross weight loop allows the user to detemmine weight trends for predetermined
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vehicle weight values. Airloads are scaled by the ratios of design gross
weights. Logic is programmed also to develop torque-box weight trends in
a single case by using the data set in locations 1301 through 1322 to input
three sets of design parameter values to be used in the respective gross
weight loops. The parameters which are specified include:

1. Minimum and maximum rib spacings

2. Minimum and maximum stringer heights
3. Minimum and maximum stringer spacings
4. Number of stringers

Three constant gross weight values should be specified for this situation so
that the gross design airloads will be the same. Although the parameter data
set is set up for multirib designs, multispar construction can be evaluated
by inputting appropriate data with the data set.

Leading and trailing edge structures, tips, and external store provision
weights are assumed to be constant for all three gross weights. Input data
in locations 80 through 101 are used to describe the three gross weights.

The data set in locations 159 through 174 are used to input fuel and exteral
store loading requirements for the gross weights.

Design results for gross weight No. 2 are used to develop the design
and mass properties output data sets for the Flutter Optimization Program
and the Flexible Loads Analysis Program.

The weight summary data output from the module include estimated data for
all three gross weights, if analyzed. Weights for the major surface compo-
nents are tabulated, along with details for the torque-box structural elements
and the components in the leading and trailing edges.

Module output is printed under control of information found in columns
3 through 38 of casc control card 1. Three gencral types of analysis results
are printed as output data; samples of each can be found in Appendix A of
Volume XI. The first type includes analysis summaries printed at the
conclusion of each analysis. The second type includes analysis details and
array dumps used to supplement the summary outputs. The third type of module
output is intermediate dumps of selected data during the structural synthesis
search for the torque-box, printed under control of case control card 1 and
data locations 574 through 578 of the input data array. All module data are
printed under control of one control card in each case setup; tierefore,
output from module execution for each surface analyzed will be identical.
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The major output summaries for design data computed during the various
analysis phases of the module are as follows. Associated print control loca-
tions on case control card 1, necessary to order these printed outputs, are
also included.

e Detail torque-box weight and coefficient summaries, colum 37

e Planform and cross-section geometry data, colum 6

e Leading and trailing edge structure weight and distribution summaries,
colum 12

o Fuel distribution summary, colum 18

e Flutter analysis sumary, colum 22

e Material properties, metallic and advanced composites, column 19

@ Airloads summaries, colums 19 and 20

e Initial 1 g intertia loads estimates, colum 21

@ Design loads and deadweight adjustment summaries, colums 24 and 25

® Design synthesis and weight distribution summaries, colum 28

e Total surface calculated inertia summary, colum 36

e Surface structure component and contents calculated mass distributica

data arrays, colum 38

ANALYSIS DESCRIPTION

The wing and empennage module analysis treats lifting surfaces as long,
slender cantilever beams resisting shears and moments through a system of
covers and supporting structures. The wing planform is described by a system
of lines developed by the program from required input data. These lines
describe the positions of the leading edge, trailing edge, torque-box limits,
load reference axis, and synthesis cuts. Pertinent geometric coordinates can
be specified, as required, to describe the torque-box shape, fuel cell
locations, location and geometry of control surface devices, location of

internal concentrated and distributed masses, and locations of externally
mounted stores or nacelles.
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The analysis ‘consists of synthesizing and evaluation of structural
requirements at all analysis control stations on the cxposed panel.  The first
station defines the inboard end of the surface torque-box and the outboard
end of the center-section panel, while the eleventh station defines the
outboard end of the torque-box and the location of the surface tip structure.
L>cations of the control stations can be specified by the user; if not
specified, the program assumes 11 equally spaced stations. The 10 structural
panels bounded by the analysis control stations plus the tip structure make
up the surface outer panel. Each panel consists of torque-box structure
fixed leading and trailing edge structures, individual control surface
structures (if applicable), structural fittings for externally mounted stores
as required, and secondary structures. The complete surface consists of the
outer panel, center section, and pivot structures, if applicable.

A combination of analytical and empirical methods is used to estimate
the torque-box weight. A three-dimensional approximation of the main box
structure is modeled from planform geometry and airfoil parameters so that
cover and support structure weights can be synthesized to satisfy the imposed
constraints of vehicle criteria and design. The synthesi. technique considers
design criteria and loadings, physical geometry, material properties, types
of construction, fabrication, and design constraints in the development of
structural sections.

Leading edge, tailing edge, tip, and secondary structural component
weights are computed from program-derived geometric data, statistical data,
and vehicle environment data. Provisions are made in the weight evaluation
routines for leading and trailing edge structures to process up to three
leading edge devices and six trailing edge devices. Input data sets are
provided for each device so that intemmal calculations can be made to define
types, sizes, locations, and weight distribution surfaces for mass properties
evaluation. Leading edge structures are assumed to include all components
forward of the torque-box front spar, consisting of fixed structures and
control surface devices - slats, kruger flaps, or droop leading edge. Type
code numbers are used to specify the device to be used with each of the
three input data sets. Trailing edge structure are assumed to include all
structures aft of the rear spar. Two spoiler and four flap-type devices can
be specified through input data sets. The fourth flap-type set is processed
as a special data set used to specify ailerons, elevators, or rudder surfaces,
as well as flaps. Four flap configurations may be specified. These are
plain, single-slotted, double-slotted, and triple-slotted flaps. Each flap-
type device may be positioned anywhere along the span, with the panel leading
edge anywhere aft of the rear spar. Spoilers may be placed forward of flap
structures.

The leading and trailing edge mass properties estimation procedure

initially describes an all-fixed structure distribution surface. As control
surface devices arc identified and positioned, weight distribution surfaces
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for the deviuss are estimated and adjustments made to the fixed structure
surface by appropriate deletions or reductions of ordinate values in the
region where the devices are positioned. Weight distribution surfaces are
identified for each component and are processed individually.

The tip is assumed to include all structures between the eleventh torque-
box structural control station and the theoretical tip station. The 0- and
100-percent chord element lines define the fore and aft boundaries.

Secondary structure weights are estimated as a fraction of the total outer
panel weight. The weight fraction value may be changed by the user. Weights
for structural attachment provisions are estimated for each of the seven con-
centrated mass items that may be located on the surface. The estimates are
based on type of attach, weight of the mass item, and maximum vehicle maneuver
load factor, Nz'

Inertia loads are determined at each control station by summation of
1 g shears and moments for structural components, contents, and concentrated
mass items. Numerical integration methods are used for estimation of shears
and moments from mass distribution surfaces defined for the 10 structural
strips plus the tip. Each strip consists of leading edge, torque-box, and
trailing edge panels which are divided into rectangular grids by equally
spaced chordwise and spanwise lines. Grid geometry and mass distribution
surface definitions permit evaluation of mass characteristics of each itenm
within the panel. These are numerically integrated to control stations
defined on the structural reference axis to produce estimates for strip mass
inertia, weights, and moments. Structure components, contents, and concen-
trated mass items are evaluated separately so that the results can be
processed into inertia loads and mass inertia data compatible with vehicle
loadings at flight design points. Grid size for each of the strip panels can
be controlled by the user with the control data set in locations 1143 through
1154 of the input data array.

Design airloads, shears, and moments in the structural reference system
must be specified at each of the 11 structural analysis stations. The
metallic analysis is limited to evaluation of two loading conditions defining
critical up-bending and down-bending loads. The advanced composite analysis
can evaluate up to 20 different loading conditions. Design loads can be
input at each station, either through the camponent input data deck or by use
of special input deck WHV LOADS. Loads inputted through the component input
data deck will always be used, even if loads data on mass storage records are
available through execution of the airloads module or input through the
WHV LOADS deck.

Net design loads at each section are calculated by combining the inertia
effects of the torque box, leading and trailing edge fixed structures, leading
and trailing edge devices, fuel and fuel system, internally distributed mass
items, and externally mounted mass items with the gross airloads values.
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Control data in the input data deck locations 159 through 174 are uscd
to specify wing fuel cell levels and external store status at the assumed
design conditions. These specifications allow for computations of total
inertia loading effects compatible with the gross airloads. The net loads are
resolved into average cover loadings, Ny, and spar shear flow, q, for evalua-
tion of structural material requirements.

In the determination of design loads, initial estimates are made for the
unknown torque-box structure weights and cistributions. The total weight
value may be input or computed by the program as a fraction of the basic
flight design weight. The distributed weights are replaced with computed
values after each synthesis/weight analysis pass. Iteration logic is used to
reduce discrepancies b~tween assumed and calculated values. In the programmed
procedures, adjustments are made for the next weight and distribution sets,
to account for changes in cover load intensities due to the effects of
changes in both design loads and section couple arms. Up to four iteration
passes can be specified using location 369 of the input data array.

Structural stiffness requirements to prevent surface flutter are
evaluated by a special analysis routine. A semiempirical method is used to
estimate initial values of required torsional stiffness, GJ, at each station.
Procedures are programmed for analysis of fixed surfaces, variable-sweep sur-
faces, and T-Tail verticals. The techniques used were developed for use
in lieu of detailed flutter analysis. Analysis logic allows for bypassing the
evaluation routines with user inputs of required stiffness requirement data
in locations 346 through 356 of the input data array. The value in location
251, flutter analysis control word, must be specified as 2.0 with these inputs.

Available section stiffness reflected in the synthesized torque-box
structure is computed and compared with required values. Thicknesses for the
four torque-box webs — upper skin, lower skin, front spar, and rear spar —
are increased as required at sections with inadequate stiffness levels. The
adjustment procedurc is designed to process the webs in the ascending order
of their strength gage thicknesses, making adjustments to applicable elements
only to meet the given stiffness levels. The thickness increase and identi-
fication data for affccted webs are saved for later processing by weight
analysis and output print routines.

For metallic structures, section stiffnesses are evaluated in terms of
section J, assuming that material modulus of rigidity, G, is constant. In
the section stiffness calculations for advanced composite structures, the
evaluation accounts for the different values of G contributed by each web.
The value of G for each web laminate is based on the number, stiffness
characteristics, and orientations of the constituent plies.
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Metallic torque-box structures can be synthesized for either stiffened
skin multirib or plate multispar designs. The stiffened skin multirib design
options are riveted Z, integral Z, integral I, and riveted angle. Plate and
honeycomb panel cover designs are evaluated for multispar constructions.
Advanced composite designs can be evaluated for stiffened skin multirib, plate
multispar, and full-depth honeycomb sandwich constructions. Cover stiffener
configurations for multirib constructions include integral !, Z, T, and hat
concepts. Multispar options include single-plate or honeycomb panel covers.

Cover synthesis for stiffened skin multirib construction is based on
determining practical cover geometrics that satisfy (1) stress conditions for
strength, local stability, or general stability, and (2) constraints of
specified minimum gages and stringer geometries. The effective cover material
resulting at any specified operating stress level during the analysis is
distributed into skin and stringer material. Stringer material is further
distributed to satisfy stability and minimum gage conditions, resulting in
stringer geometries of height, flange widths, and gage. An added constraint
in metallic designs is the minimum ratio of stringer thickness to skin thick-
ness, used to account for adverse stringer-skin interface coupling effects.

The synthesis of metallic multirib structures requires three levels of
search. In the first level, stringer spacing is the primary search param-
eter. The second level involves determination of optimum operating stress
levels for the assumed stringer spacing. The third optimization level is
designed to determine optimum distributions for available cover material based
on assumed stress level and stringer spacing, values assigned by the second-
and first-search levels. The search is made on the basis of assuming search
parameter values for skin gages and synthesizing stringer geometries for
the specified stringer concept from available material. The distribution
logic is programmed to maximize area moment of inertia for the skin/stringer
section, selecting designs only within the specified constraints for stringer
geametries and element minimum gages.

For each search loop total cover, support structure and attachment
requirements are determined for the assumed parameter values. The value that
produces minimum total structure requirements is selected. Resulting desigr
information is then used for lower-level search operations. This synthesis
approach can be controlled to analyze constant spacing or constant number of
stringer arrangements. Rib synthesis is based on spring rate requirements
for cover colum support and for induced rib loads due to cover flexure.

The metallic multispar design option involves synthesis of skin and cap

material for specified spar spacing or constant number of spars. The approach
considers the effectiveness of intermediate spar caps in resisting bending
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loads. Spar webs are sized to similar conditions as rib webs and are assumed
to be corrugated. For honeycomb cover construction, strength effect of
inserts at the spars and effect of panel thickness on cover stability are
considered.

The search logic programned to synthesize structures for the construc-
tion concepts discussed previously involves the determination of minimum
required cover/support structure material necessary to resist design loads.
Limits on search parametcers constrain the search within discrete values so
that the configurations for the selected structures reflect practical designs.
User inputs can be used to control search parameter values and thus bias the
search toward selections of configurations that are more representative of
final design concepts. Multiple options programmed allow the user to select
one of three types of search procedures:

1. Optimization at each structural station within minimum and
maximum values for applicable search parameters:

e Stringer or spar spacings

e Number of stringers or spars

e Ratio of skin gage to total cover t
® Rib spacing

e Stringer heights

Search values for these parameters are specified in locations 365
through 384 of the input data array.

[38)

Total torque-box weight optimization search in which the search
procedure determines the single value for spacing or number of
stringer/spar eclements that produces the lightest torque-box design.
The selection is dependent on the construction and the analysis

mode - spacing or number-of-element search. Specifications for this
type of analysis are defined by data in locations 1365 through

1374, This analysis mode, specified by the control word in location
1365, will supersede the optimization mode discussed in item 1.

3. Synthesis of structure to predetermined values of sizing parameters
with values specified discretely at each analysis station. Param-
eter values are input through ..ta sets in locations 721 through
808. These input values supersede the inputs of item 1, and the
analysis mode for item 2 should not be used.
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In all cases, synthesis results retlect cover/support structure configu-
rations that are sized to strength allowables (P/A stresses), or to allowable
stress/material distribution relationships which are based on requirements
for (1) general instability as colums or panels or (2) local instability due
to crippling or plate buckling.

Front and rear spar webs are synthesized as stiffened plate structures
resisting vertical shears. Actual depths of the airfoil at the spars are
used for determination of shear loads and material volume. Cap materials
are effective bending materials; therefore, they are assumed to vary with
cover t requirements.

Synthesis procedures f.r multirib and multispar advanced composite
structure designs are similar to the approach used for metallic structures.
The following items describe the major differences primarily due to assump-
tions made for analysis of advanced composite structures:

1. Only longitudinal fibers (0-degree plies) resist axial loads, and
cross fibers (%45-degree plies) resist shear loads.

2. All plies contribute to laminate panel stability.

3. Skin material requirements are analyzed for axial loads and panel
stability requirements duc to combined effects of inplane axial and
shear loads.

4. Laminates are synthesized with integer number of lamina. Minimum
plate thicknesses are based on requirements for a balanced symmetric
system, eight lamina layers consisting of two each of 0-, +45-,
-45-, and 90-degree plies. Thickness increases are made by
additions of two 0- or 90-degree plies, or two each of *45-degree
plies only, or combinations of all. For honeycomb panels, laminate
plies are assumed to be equally divided between the inner and outer
face sheets.

5. Addition of *45-degree plies only are made to increase stiffness
levels of panels with inadequate stability stress allowables.

6. Addition of *45-degree plies only are made to torque-box webs to
increase section stiffness to levels required to satisfy torsional
stiffness requirements.

7. Different stringer concepts can h- specified for the upper and lower

covers. However, the spacings or number of elements in each cover
will remain the same.
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8. Stringer areas consist of 0-degree longitudinal plies only. The
synthesis procedures for determining allowable stresses and cover
material distributions are programmed to include evaluation of
load distribution between skin and stringer elements, based on
strain compatibility relationships.

9. Spar/rib web synthesis includes analysis for honeycomb panel designs,
as well as corrugated web designs.

10. The covers are assumed to be mechanically attached to ribs and spars.
Cover lamina are assumed to be rearranged locally along attachment
lines to include filler material, replacing relocated 0-degree

~lamina, for attachment hole drilling.

11. Lightning protection material (aluminum flame spray) is assumed for
all exterior surfaces. Provisions are made for application of
sealer films to all interior surfaces.

In the full-depth honeycomb sandwich construction option for advanced
composite structures, three optional synthesis procedures are available:

1. Sizing skin requirements so that the sandwich structure will be
stable for specified core type and densities.

[ Q)
.

Sizing skin laminates to strength requirements and detemmining
required core densities to satisfy stability requirements.

3. Sizing for optimum skin/core combinations to satisfy strength and
stability requirements.

Front and rear spars for these designs are analyzed with the same procedures
used for multirib and multispar designs. Evaluation for torsional stiffness
is also the same.

Lvaluations for structural provisions for major rib bulkheads and
chordwise splices are made when user input data direct analysis routines to
cstimate requirements at each station. Incremental structure weights are
predicted by the program, based on data set information in locations 650
through 671 and 1475 through 1497 of the input data array. Root rib and
wing-to-fuselage shear tie provisions at the first structural station are
evaluated based on load, geometry, and material parameters.

Synthesis of variable-sweep wings consists of the evaluation of idealized

torque-tex structure, as previously discussed, and synthesis of pivot
structure. Pivot estimates replace the idealized structure in the appropriate
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structural location. The pivot system analysis is restricted to vertical pin
types utilizing straight Teflon-lined bearings. The program is designed so
that the pivot estimate is optimum for the specified set of design data.
Spanwise and chordwise locations of the pivot centerline are required input
data, locations 200 and 201 of the input data array.

The synthesized structural data are used in determining weight and
weight distributions. The estimates are based on volumetric integration of
the optimized structural elements to which weight indexing factors are
applied. Weight increments for unique and for local structural discontinui-
ties, cutouts, doors, etc, are determined through control indicators and
weight factors.

Selection of proper material alloy must be made and specified to the
module by the user, with consideration made to the temperature and fatigue
environment to which the material will be exposed. Consideration must also
be made as to the effects of exposure time at temperature on material
allowables. Design concepts will dictate whether the selected material
should reflect properties of type of alloy and form - sheet, plate, or
extrusion. The selected material is specified in the input data set by a
material code number; i.e., in location 258 for the torque-box, and location
196 for the pivot lugs. Materials are selected from sequentially stored
material property data sets in the material library of the SWEEP data bank.
The selected material is identified by code number corresponding to the data
set in the library. The contents of this library are presented in
Section XI of this volume.

Practical minimum gages for the selected material should be specified
by the user. The values used should be compatible with fabrication require-
ments for the material and structure concepts being evaluated.

Design temperatures are defined for each material selected in locations
159 and 197, respectively. Zevo values in these lucations will result in
placement of SWEEP computed temperature values for analysis. Temperature
properties are determined by straight-line interpolation of properties
versus temperaturc data included in the library data set.

Material properties for the advanced composite option are input through
the input data sets, locations 1155 through 1163 and 1170 through 1204 for
lamina properties, and locations 1164 through 1169 and 580 through 596 for
honeycomb core foil properties. The program default material properties are
boron/epoxy and 2024-T4 barc aluminum sheet. Material changes must be made
with data in the input data sct of the camponent.
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ANALYSIS OPTIONS

The execution of the wing and empennage module requires case control
card 2 information that is compatible with analysis requirements and variable-
data input for each surface. Case control card 2 data in colums 1 through
44, 71, 72, 75, 76, 78, 79, and 80 affect processing of module input data
blocks and module execution. Execution of module analysis options are
affected by control data in the input data deck for each surface. Setup
requirements for four of the major options are explained in the following
paragraphs.

Surface Types

Each wing and empennage surface must be described with separate input
data blocks. Execution of the module will occur when case control card 2 con-
tains a (0) punch in column 72 for wing, columm 75 for horizontal tail, and
column 76 for vertical tail. During data processing of case data blocks, a
module input data array is set up for each component to be analyzed. The
array is initialized from either the SWEEP data bank permanent data sets or
the module input data block from the previous case, based on status of
colum 80 of case control card 2. Component variable data are then read and
processed into the array and stored on mass storage records. In any problem
case, component variable data are processed only if a data deck with the
appropriate deck title appears in the case input data set. Thus, for second
and subsequent cases, components may be analyzed without the existence of an
input data block.

Internal module logic requires that location 289 of each component input
data array contain a code word which identifies the surface type:

0 = Wing surface
-1 = Horizontal tail surface
+N = Vertical tail surface, where N = the number of vertical tail panels

General Data Processing Option

Vehicle and design criteria data input through the GENERAL data deck are
processed into design data for the wing and empennage module by the data
management and design data development modules of SWEEP. Some of the
variable input and calculated data are identical to the information which
is also input through component input data decks. These design data arc
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set up as a separate wing and empennage module input data array. The array
data are processed as required during module execution into the camponent
input data array only if the respective variable-data array location is set
to zero. For some variables, the transfer is governed initially by a zero
value in a control location assigned to the set. Data and control locations
affected by module input data processing logic are as follows:

e Vehicle gross weight, load factor, fuel, and useful load data
locations 81, 85, 86, 87, 88, 89, 91, 93, 94, 96, 98, 100, and
1280. Control word in location 88.

e Surface-type code in location 289 only for vertical tails. Set
to zero for wing.

e Planform geometry parameters in locations 240 through 249 are
processed only if location 240 is zero. The value in location 138,
planform sweep reference chord element line, is replaced if location
242 is zero.

o Surface positioning data in locations 175, 177, and 178 are set to
zero, and the value in 176 is set to calculated value.

e Load reference line location in location 239.

e Torque-box analysis control stations, location 865 through 875,
are replaced if location 865 is zero. The code value in location
864 is then set to 2.0.

e Inertia deadweight control word in locaticn 110 is always set to
zero for vertical tails and to 1.0 for wing, and is not examined
for horizontal tail.

e Torque-box design temperature in location 259.

o Pivot design material, location 196, and design temperature,
location 197, are examined cnly for wings and if location 200,
pivot spanwise locator, is not zero. Locations 196 and 197
are set to values in 258 and 259 if zero values are input.

e Pivot design data, locations 200, 201, 202, 203, 157, and 199,

are cxamined and transferred for wing designs only after
initial tests for material and temperature.
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e Conventional fixed surface flutter Q and material G, locations
253 and 254, and flutter design temperature for advanced
composite analysis, location 282.

e Variable-sweep winyg flutter data for aft wing position,
locations 320, 321, 322, and 323, are controlled by the
value in location 320.

e T-tail vertical tail flutter data, locations 310, 335, 337,
338, 339, 358, 359, and 360, based on control word in location
357, T-Tail analysis for vertical tail flutter. Locations 310,
357, 358, and 359 are set to zero for wing and horizontal
tail.

e T-tail code word for horizontal tail inertia calculations for
vertical tail flutter analysis in location 204. This item is
processed during horizontal tail execution only and is set to zero
for vertical tail and wing.

o Fuel cell data, locations 206 through 219. All cell data are
processed only if the input fuel density for each cell is zero,
locations 208 and 215.

e Miscellaneous surface content weight to be distributed
uniformly on the torque-box planform for inertia calculations,
location 1820.

e Surface contents to be approximated with a spanwise line
distribution for inertia claculations, locations 1821 through 1827.
If the weight location, 1821, and the outboard point of the
distribution line, 1823, are zero, then the data set information
is changed to reflect calculated weight distribution along the
structural analysis reference line between control station 1
and the tip.

e External concentrated mass items to be located on the wing,
seven data sets, 12 items each in locations 1855 through 1938.
Each of the seven items is assigred to specific mass components,
and transfer of data is made only if the spanwise location
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parameter (the sccond data iten in each set) is zero. ltems 1
through 4 are for external stores, items 5 and 6 are for wing-
mounted nacelles and contents, and item 7 is for wing-mounted
landing gear structures. Calculated inertia data (pitch,

roll, and yaw) are available for transfer only for the nacelles.
Therefore, required data must be input for the other mass items
for module estimates of inertias. If data for inertia
calculations are not input (items 6 through 11 for each data
set), the transferred weight (item 1 of the data set) is set
to a negative value to indicate that structural provisions
only are to be calculated for that set. The longitudinal
location for each mass (item 3) is transferred as fuselage
station values; thus, the spanwise location parameter valu:

(item 2) is set to a negative value to indicate fuselage station
values. )

Torque-Box Design Option

For each surface, the metallic or advanced composite structure synthe-
sis routines are executed in accordance to the values (00) and (01), respec-
tively, punched in colums 39 through 44 of case control card 2, 39 and
40 for wing, 41 and 42 for horizontal tail, and 43 and 44 for vertical
tail. Torque-box construction is specified with code information in loca-
tions 361 and 461 for metallic structures. Advanced composite construction
information is specified by code in locations 430 through 438.

Design Data Generation Option for the Flutter Optimization and Flexible
Loads Analysis Programs

Design data for the stand-alone Flexible Louds Analysis and Flutter
Optimization Programs can be calculated and punched on data cards for
usc as input data sets for these programs. Calculations for these options
are based on code information in location 271. Output of calculated
data is governed by the code in location 280. Related data are input
through data sets in locations 272 through 279 and 290 through 309.
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Lach program requires data which are cvaluated at predetermined con-
trol stations and referenced to one of the two basic lifting surfaces
coordinate reference systems. Data describing the mass characteristics
for all items contained in the mold line of the exposed wing are processed
as distributed masses, 10 equal-width aerodynamic strips for the Flexible
Loads Analysis Program and 11 structural system strips for the Flutter
Optimization Program.

Mass properties data must also be evaluated separately for each
program, since the flutter design point and vehicle design loading may not
be the same as for the critical design loads condition. Furthermore, the
critical design point and vehicle loading resulting from the flexible
loads analysis may also be different from that resulting from the rigid
loads analysis. Thus, mass properties of wing fuel and externally mounted
expendable items are evaluated individually for each program, based on
user specifications defined in locations 272 through 279. Mass properties
summation logic in each system is designed to compute for output the
total mass distribution for a specified vehicle loading condition. Remain-
ing wing fuel for the output design data is determined from a fuel usage
schedule array in the input data set. Separate data sets are provided
to define fuel status for flexible loads design loading and flutter design
loading. Lstimated full-capacity fuel mass properties data for each fuel
cell are scaled to the desired fuel level.

Provisions are made to process two sets of externally mounted con-
centrated mass items so that effects of store/external fuel configurations
can be evaluated by the flexible loads and flutter optimization programs.
A loading status schedule similar to that for fuel usage is provided.

During the structural synthesis/weight analysis of lifting surfaces,
geometry, design loads, and structural design requirements are evaluated
at 11 control stations. Torque-box structures are synthesized at these
stations. Unit spanwisc weights arc determined; then, estimated weights
are calculated by integration between these stations. Bending stitfness,
1T, and torsional stiffness, GJ, are computed from the synthesis data
at cach station. Thesc synthesized data provide the necessary distribution
data for computing the required data for the flutter optimization and
flexible loads analysis programs.
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MESTGON FEATURES

Data requirements and descriptions for analysis of surface design
features and program analysis options are described in the following para-
graphs. Data array locations for data sets and control information are
defined. Refer to the input data array list definitions for further descrip-
tions of data sets, control words, and data locations discussed.

Surface Geometry

The basis for input geometric descriptions and module calculations of
surface geometry data is a system of straight lines approximating planform
and cross-section characteristics. Computations are made by subroutines in
overlay (8,0). Computed data are processed and saved for use by all other
overlays of the module.

Reference lines are computed to describe theoretical trapezoidal planform
properties from standard aerodynamic geometry parameters of lifting surfaces;
i.e., area, aspect ratio, taper ratio, sweep, and thickness ratio. Descriptive
details to supplement these inputs are specified in terms of either actual
dimensions in inches or fractional values of trapezoidal parameters. Detail
surface characteristics are described through data sets assigned to input
specific types of geometry information, as follows:

Nonlinear Planforms

Blended leading edge and cranked trailing edge planforms are described
with data sets in locations 1985 through 2007 and 2008 through 2030,
respectively. The data set control word is item 12 of each set. The input
information is used to describe local delt: chords from the trapezoidal leading
and trailing edge lines at up to 11 spanwise points. Intcrpolations of straight
lines between adjacent points are used in computations of true aerodynamic
chords.

Cross-Sections

Depths at chordwise locations of airfoils at any spanwise station are
computed as functions of the maximum airfoil depths at that station. Values
for the reference depth are evaluated as functions of the spanwise location
and assuming linear depth variations between spanwise control stations; the
maximum depths at the control stations are derived as the product of the true
aerodynamic chord and the specified thickness ratio at that station. Thus,
cross <ections of lifting surfaces are described by values defining surface
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maximum depths and airfoil type at discrete spanwise locations. One of two
data sets can be used for these specifications.

The first data set, locations 243, 245, 141 and 142, is required input
used to specify linear variations in airfoil maximum depths between two span-
wise stations, generally the centerline and the theoretical tip. Locations 243
and 245 are thickness ratio values to be used at the spanwise station defined
in locations 141 and 142, respectively. If the station values of 141 and/or
142 1ocate control stations at intermediate spanwise locations, additional con-
trol data for the centerline and/or tip station are generated. The maximum
depths of these stations are based on the thickness ratio specified in loca-
tions 243 and 245, respectively (assumes constant thickness ratio between
these created control station and the adjacent input control station).

The second data set, locations 2031 through 2052, is used to specify air-
foil depth and control stations at up to 11 spanwise thickness ratio distribu-
is used to describe planforms with nonlinear spanwise thickness ratio distribu-
tions and for closer depth definitions for planforms with blended leading
edges and/or cranked trailing edges. Processing of data set information is
specified by a nonzero value in item 2 of the data set. During detail evalua-
tion of cross sections, specifications from this data set are used in lieu of
data input through the first data set.

Depths at chordwise locations on airfoils are calculated based on code
word value in location 143, The code value indicates to the geometry
routines the evaluation procedure and data sets to be used: (1) evaluation
based on curve fit equations of airfoil depths, or (2) evaluation based on
straight-1line interpolation of normalized depth versus chordwise location
table data.

A value of 1 through 8 will result in data set selection of polynominal
constants for airfoil depths from the SWEEP data bank (locations 1 through
99 of the airfoil data array). This option will result in constant airfoil
shapes for all spanwise stations, as represented by the code. Code values
and corresponding airfoil shapes are as follows:

1 = 630C-series airfoil
2 = 6400-series airfoil
3 = 6500-series airfoil
4 = 06600-series airfoil
5 = Wedge airfoil
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maximum depths and airfoil type at discrete spanwise locations. One of two
data sets can be used for these specifications.

The first data set, locations 243, 245, 141 and 142, is required input
used to specify linear variations in airfoil maximum depths between two span-
wis - stations, generally the centerline and the theoretical tip. Locations 243
and 245 are tnickness ratio values to be used at the spanwise station defined
in locations 141 and 142, respectively. If the station values of 141 and/or
142 locate control stations at intermediate spanwise locations, additional con-
trol data for the centerline and/or tip station are generated. The maximum
depths of these stations are based on the thickness ratio specified in loca-
tions 243 and 245, respectively (assumes constant thickness ratio between
these created control station and the adjacent input control station).

The second data set, locations 2031 through 2052, is used to specify air-
foil depth and control stations at up to 11 spanwise thickness ratio distribu-
is used to describe planfcrms with nonlinear spanwise thickness ratio distribu-
tions and for closer depth definitions for planforms with blended leading
edges and/or cranked trailing cdges. Processing of data set information is
specified by a nonzero value in item 2 of the data set, During detail evalua-
tion of cross sections, specifications from this data set are used in lieu of
data input through the first data set.

Depths at chordwise locations on airfoils are calculated based on code
word value in location 143. The code value indicates to the geometry
routines the evaluation procedure and data sets to be used: (1) evaluation
based on curve fit equations of airfoil depths, or (2) evaluation based on
straight-1line interpolation of normalized depth versus chordwise location
table data.

A value of 1 through 8 will result in data set selection of polynominal
constants for airfoil depths from the SWEEP data bank (locations 1 through
Y9 of the airfoil data array). This option will result in constant airfoil
shapes for all spanwise stations, as represented by the code. Code values
and corresponding airfoil shapes are as follows:

1 = 6300-series airfoil
2 = 6400-series airfoil
3 = 6500-series airfoil
4 = 06600-series airfoil

5 = Wedge airfoil
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6 = Arc airfoil
7 and 8 are not used

The code value of 9 specified in location 143 identifies the straight-line
interpolation option. Data in locations 145 through 152 are required. This
subset provides the option of specifying airfoil shapes at up to four span-
wise control stations, locations 145 through 148. Airfoil shapes to be used
are identified by code in locations 149 through 152, These code values cor-
respond to the numerical airfoil depth tables found in locations 150 through
399 of the SWEEP data bank airfoil data array.

Torque-Box Description

Torque-box planform geometry information is specified in locations 125
through 129, 135, 136, 137, and 139. Locations 125 through 129, 135, 136, and
137 are used to describe front spar, rear spar, and structual analysis refer-
ence line locations on the surface planform. Torque-hox reference lines not
on constant chord element lines can be positioned properly by using the
inboard/outboard control station specifications in this data set. Location 139
is used to specify the spanwise location of the outboard closeout rib. This
value is used when (1) the geometry routine is directed to compute equally
spaced structural analysis control station data, or (2) fractional values are
specified for station positioning in data array locations 865 through 875,
wmder control of torque-box geometry control word in location 864.

Detail torque-box gecometry can be input by using the data set in loca-
tions 864 through 919. Processing of input data is dictated by the code value
of location 864. This data set is organized into 1l-element subsets for input
of structural analysis station locations, torque-box structural widths and
average depths, front spar depths, and rear spar depths.

In surfaces where flutter requirements are calculated by the module,
location 340 must contain the theoretical trapeczoidal surface area value when
options for blended lcading edge, cranked trailing edge, or variable thickness
ratio descriptions are used, or when input torque-box depths describe nonlinear
variations between the exposed root chord and the eleventh station. The area
value in location 340 directs the geometry evaluation routine to compute sta-
tion chord and depth data for flutter analysis based on trapezoidal properties,
in accordance with derivation assumptions for the estimation equations.

Values for locations 341 through 345 may also be input. Location 340
causes the geometry routine to examine these locations for nonzero parameter
values to be used in licu of data in locations 241 through 246. The data set
in 340 through 345 may be used also to specify adjusted planform geometry
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parameters for flutter analysis, particularly location 343, used to compute
the exposed panel length for flutter requirement estimates.

Surface Configuation

Variable-Sweep Wing Designs

Data for variable-sweep wing pivot analysis are input in locations 195
through 203, with location 200 as the control data for module execution.
Colums 3 and 4 of case control card 2 must contain control code value of
(01) for SWEEP evaluation of pertinent airloads and flutter design data.
Flutter requirement evaluation by the wing and empennage module consists of
detemining the envelope of stiffness requirements between the flutter design
points for forward and aft wing sweep positions. Flutter analysis control
word, location 251, must be specified with the proper value by the user.
Required data must be available in locations 252, 253, and 254 for the for-
ward position, and locations 320 through 324 for the aft sweep position.
The geometry routines of overlay (8,0) compute the necessary geometric’
parameters for flutter analysis of the wing in the aft sweep position. '

T-Tail Empennage Designs 3
Empennage configuration is indicated to SWEEP through code information
in colums 5 and 6 of cuse control card 2; T-tail code is (01). This.code
will cause proper evaluation of airload and flutter analysis data for the
wing and empennage module evaluation of the vertical tail. Input data for
the vertical tail must contain additional information for module analysis
of T-tail vertical tail flutter requirements. These are input in locations
310, 335 through 339, and 357 through 360, with location 357 as the analysis
control word for T-tail evaluation, and location 251 as the seneral flutter
evaluation control word. Data in locations 252, 253, and 254 must be avail-
ahle, since the flutter analysis is based on envelope requirements for the
vertical tail evaluated as a conventional surface and as a T-tail vertical.
The T-tail vertical analysis requires estimates for horizontal tail yaw
inertia. One of two methods may be used to provide the proper values for:
analysis. Method one is to specify the value through input data location
o, the second method is to excecute the horizontal tail so that the cal-
culated yaw inertia value will be available for the vertical tail analysis.
This option will be executed if location 205 of the horizcntal tail input
data array is specified as 1.0, and location 360 of the vertical tail input
data array is set to zero. Subroutine WPDATA, overiay (17.0), computes the
necessary infonnation during evaluation of the horizontal tail, storing the
values on record 38 of mass storage file 1. During the execution of the
vertical tail, subroutine CONTL, overlay (8,0), processes the record 38 data
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into the variable-data array. The information is used during execution of
subroutine GJIT by flutter analysis subroutine GJCAL, overlay (16,0).

Leading and Trailing Edge Structures

Computations for weight and mass distribution information are made by
overlay (14,0) subroutines. Estimation procedures are programmed in these
subroutines to obtain:

1. Weights and centers of gravity of each major leading and trailing
edge structurai component

2. 1-g inertia loads - shears, bending moments, and torsional
moments - due to the weight distributions of the leading and
traiting edge structures

3. Weight inertia characteristics of the distributed structures

The 1-g inertia loads are used during evecution of overlay (16,0) to compute
initial estimates of 1-g inertia loads. Data resulting from items 1 and 3
are used by overlay (17,0) during processing of module output data.

Fixed leading and trailing edge estimates are made from data sets in
locations 1205 through 1234 and 1235 through 1279, respectively, organized
into separate subsets for wing, horizontal tail, and vertical tail data.

The first item for each subset, input unit weight, is the control location to
indicate use of the input value or, if the value is zero, to estimate the
weights based on data found in the other locations.

Input data sets for leading edge control surface device descriptions are
in data array locations 1500 through 1575. Locations 1500 through 1529 are
used to specify device type and position of three devices. The control word
for existence of a leading edge device is item 1 for each device. Program
estimates for the specified device are made based on input geometry and
statistical constants if zero is specified in the input unit weight location,
item 9. Weight estimation constants for the three different types of leading
cdge devices that can be analyzed are in locations 1530 through 1575.

Trailing edge control surface device data sets are in data array loca-
tions 1580 through 1819, consisting of subsets for device type and location
specifications, weight estimation constants, and weight distribution con-
stants. Spoiler types are defined in locations 1580 through 1609, with
item 1 as the control word for evaluation, and item 8 as the control word for
statistical weight estimation. Locations 1610 through 1729 are organized
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into six subsets of 20 items each for specifying the flap-type devices.
Subsets 1 through 4 are used for wing analysis; the first three for flaps,
and the fourth set to be used to identify ailerons or flaps. Elevators for
horizontal tails are defined with the fifth set. The sixth set is used for
vertical tail rudder descriptions. Item 2 of each set is used as the control
location to identify existence of a device. Item 19 is the input unit weight
location which determines if program statistical estimates are to be male.
Weight estimation constants for all device types are in locations 1730 through
1794. Locations 1795 through 1819 contain constants for breakdown of fiap-
type weights into panel and support components and for estimates of chordwise
distributions of support weights.

Miscellaneous Structure and Deadweight Mass Items

Computations for weight and mass distributions of miscellaneous structures
and dead weight mass items are made by overlay (15,0) subroutines, except for
secondary structure weights which are derived during computations of the
torque-box weights. The output requirements for overlay (15,0) are the same
as those for overlay (14,0); they are used by the same downstream subroutines.

Secondary Structure

Estimated weights for secondary structural provisions, fillets, exterior
finish, doors, etc, are assumed to be a fractional amount of the estimated
outer panel weight. Location 603 contains the weight factor value used to
compute this weight. The spanwise distribution is assumed to be pioportional
to the torque-box weight distribution.

Tip Structure

1ip panel weights for the surface are estimated if the value in data array
location 139 is less than 1.0. The data set in locations 1955 through 1969
is used in the statistical estimation. Subroutine MISONT, overlay (15,0), com-
putes the necessary information for tip structures from this data set.

Intemal Fuel

Intemal fuel and fuel system descriptions are defined by data in locations
206 through 219. The nccessary computations are made by subroutine FDIS,
overlay (15,0). Two {uel cells can be located within the torque-box. Full-
capacity fuel cell mass distributions are estimated first and scaled into
required design level values for airload and inertia calculations. Data in
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locations 89 through 97 and 159 through 166 are used to determine fuel cell
content inertia data for net design loads calculations.

Data in locations 272 and 273 are used to specify fuel cell loads for
computations of mass distribution data for the Flexible Loads Analysis Pro-
gram. Location 276 and 27’ are used for Flutter Optimization Program data
calculations. These items are processed during execution of subroutines WFLDD
and WVFDD, overlay (17,0).

External Concentrated Mass ltems

Subroutine CDL, overlay (15,0), processes the input data sets used to
describe concentrated mass items.

Seven external concentrated masses can be described through data array
locations 1855 through 1938. Twelve locations are used for mass item; the first
four locations are weight and location data, the other eight are used for mass
inertia calculations, if required. The mass weight data are used as the con-
trol word for each set. Mass items 1 and 2, locations 1855 through 1878,
define the masses to be treated as expendable items. Inertia load effects
for computations of net design airloads are controlled by data in locations
98 through 101 and 167 through 174.

Inertia effects for mass data calculations for the Flexible Loads Analysis
Program and the Flutter Optimization Program are controlled with data in
locations 274 and 275, and 278 and 279, respectively. Subroutine CDL computes
the required mass distribution information which is ordered for output for the
Flexible Loads Analysis Program. Mass distribution effects of concentrated
mass items are =2termined by subroutine WVFLD, overlay (17,0), from the output
of CDL and the control information in 278 and 279.

Miscellaneous Internal Contents

Internal mass items other than structure, fuel, and fuel systems are
processed by subroutines MISCNT and MISCIT, overlay (15,0). Input specifications
for internal mass items are described in locations 1820 through 1854. Mass
data described by this data set is used for inertia loads and mass inertia
calculations. Three data subsets are available for describing the mass and
distributions. The first, location 1820, defines wniformly distributed
weights within the torque-box. The second, locations 1821 through 1836, is for
describing items that may be approximated as distributed weights along span-
wisc lines such as control surface actuation, controls, and power lines. Two
sets of distribution lines are provided for; each set requiring weight,
distribution line position, and spanwise weight distribution specifications.
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The third set, locations 1837 through 1854, is used to specify weight and
locations for up to six concentrated masses, such as large control surface
actuators and fittings.

Structural Desigr Data

Deadweight

Structure weight and mass distribution calculations are always made by
the module. The surface weight value to be used during the initial calcula-
tions can be specified with location 144, Distribution factors for this
weight are in 111, 112, and 113, The control word in location 110 is used to
specify whether or not deadweight data are to be used during calculation of
net design loads.

Subroutine FD1S, overlay (15,0) uses the information in location 144 to
compute initial torque-box weight distributions, necessary for estimates of
total structure inertia loads. This output is used by overlay (16,0) during
computations of initial design loads. Final torque-box weight distributions
are determined from the synthesis/weight analysis results - overlay (10,0) for
metallic torque-box structures, and overlay (18,0) for advanced composite
to.ue-box structures. Mass distribution characteristics of the torque-box
are determined in overlay (17,0).

Torsional Flutter Requirements

Module calculations of flutter stiffness requirements are controlled with
data in locations 251 through 254, 312 through 318, 320 through 324, and 335
through 360. The flutter analysis control word is in 251, Design stiffness
values for the 11 structural analysis stations can be irput using locations
346 through 356. Flutter analysis results can be scaled using data in loca-
tions 312 and 313 through 316, or input of scaling factors for each station
in locations 346 through 356.

Flutter requirement estimates are made during execution of subroutine
GJCAL, overlay (16,0). Output from this routine consists of the design
values for required torque-box torsional stiffness, GJ, used by the structure
synthesis subroutines in overlays (10,0) and (18,0). Geometry and pertinent
design information are computed and processed by subroutine GE@MW, overlay
(8,0), for use by GJCAL.
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Design Loads
Airloads data for module analysis can be defined by three options:

1. Analysis by the SWEEP airloads module or input through the
WHV LOADS data deck

2. Module calculations of required airloads data
3. Input of design load values in the coumponent input data deck

The first option requires no data inputs in the component data deck except

for a control word in location 205 to indicate the type of loads data process-
ing to be used. The second option requires appropriate data in locations 205,
255, 256, 257 and, as required, in locations 232 through 239, The data set
in locations 220 through 231 is used to define concentrated airloads data at
two locations on the planform, if applicable. Load values computed from this
data set are additive to the values computed from distributed airloads. In the
third option, design values for airloads are input using the data set in loca-
tions 260 through 270, 686 through 719, and 1019 through 1040. Input of
torque-box average load intensities instead of shears and moments can be made
with data in locations 953 through 1007. These data are processed under con-
trol of the code value in location 686. Use of this option results in
replacement of SWEEP or module calculated loads data with the input values,

All calculated or input load values are assumed to be for the limit load
condition. Computed net design loads are factored with the value found in
location 122 to derive ultimate design loads. The synthesis and stress analy-
sis procedures are based on ultimate loads and stress allowables,

Design airloads information is processed initially by subroutine AL@AD,
overlay (16,0). For metallic torque-box analyses, subroutine PRAG, overlay
(9,0), controls the computations for torque-box design loads. Design loads
for advanced composite analysis is processed by subroutine ACL@AD, overlay
(18,0). Subroutine ACPRJG of this overlay controls the computations for
torque-box design loads.

The constants in locations 931 through 952 are cover compression and
tension load calibration factors. Computed cover load intensity values are
multiplied by these factors to account for the crowning effects of the true
torque-box section relative to the assumed average rectangular torque-box
section. Factors for shear load on the front spar and rear spar are in loca-
tions 842 through 863. These data items are used by the structural synthesis
subroutines in overlays (10,0) and (18,0).
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Torque-Box Design Synthesis

Data sets used for definitions of torque-box design are in locations 361
through 470, 521 through 528, 597, 598, 599, 650 through 671, and 721 through
830. Some of the more important data items in these locations are discussed
in the following paragraphs. Overlay (9,0), (10,0), and (18,0) subroutines
use these inputs during the synthesis/weight ar ysis calculations.

Construction Concepts

The torque-box construction concept for metallic design is specified by
code word in locations 361 and 461. Location 361 specifies the stringer type
to be used for multirib designs, while location 461 specifies multispar/
plate or multispar/honeycomb panel designs. Multirib analysis requires that
location 461 be zero and, for multispar designs, locations 361 should be set
to 2.0. The values in locations 365, 366, and 375 through 384 must be com-
patible with the construction concepts. These items are organized for multi-
rib designs. In the multispar analysis, data assigned for ribs and stringers
pertain to intermediate spars; the webs are defined by rib data, and the caps
are defined by stringer dat>. The value in location 382 is the number of
stringer or intermediate spar elements, with internal arrangement specified
by the code value in location 383.

The control code in location 367 indicates if the analysis will be made
using data input in locations 721 through 808. Multispar/honeycomb panel
data are defined in locations 462 through 468.

Advanced composite construction concepts are specified in locations 430
through 438. Data in locations 375 through 384 and 399 are used for multirib
analysis, and data in locations 380 through 383 and 399 are used for multispar
plate and honeycomb panel designs. The honeycomb panel data in locations 462
and 464 through 468 also are used for the multispar honeycomb panel analysis.
Analysis of advanced composite full-depth honeycomb sandwich structures
requires bond density value in location 464. The control value in loca-
tions 361 and 461 should be compatible with the construction concept code
specified in locations 430 and 431 for advanced composite analysis.

Support structure concepts for metallic designs are limited to corrugated
sine wave webs for ribs and intermediate spars, and stiffened plate webs for
the front and rear spars. Data for these components are specified in loca-
tions 400 through 406 for ribs and intermediate spars, and 410 through 426
for the front and rear spars. Corrugated web or honeycomb panel concepts can
be specified for advanced composite structures, using construction code values
in locations 435, 436, and 437. Honeycomb panel core thickness for these
structures are defined in locations 457, 458, and 459, respectively. Data in
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locations 427 and 428 are needed for the front and rear spar advanced
composite analysis. Advanced composite intermediate spar cap areas are
derived from cover skin thicknesses based on the factor in location 429.

Torque-Box Analysis Constants

Minimum gage values for metallic analysis are in locations 370 through
374 and 394. The constants in locations 61, 1472, 1479, and 1480 are used
as minimum thickness values foi splice and bulkhead calculations. Minimum
gages for advanced composite structures are based on minimum laminate layup
consisting of eight layers of lamina. Lamina thickness is specified in data
location 1162 as part of the material properties data set for advanced com-
posite analysis. Locations 440 through 443 are the minimum number of 0-degree
plies to be used for upper and lower cover stringer designs.

Stability equation constants for metallic analysis are as follows:

® locations 362, 363, 364 - Plate buckling coefficients for cover
design

® Locations 408 and 409 - Sheet crippling coefficients for cover design
® Location 407 - End fixity coefficient for skin-stringer colums

® Locations 401 and 402 - Local and general-stability coefficients for
rib and intermediate spar webs, sine wage corrugation

® Locations 550 through 573 - Table of plate aspect ratio versus stabil-
ity coefficients for evaluation of shear stress allowables for front
and rear spar webs

Stability coefficients for all advanced composite plates and webs, except
stringer elements, are analysis routine constants or derived values. Stringer
element coefficients are in locations 598 and 599.

Ultimate Allowable Stresses

Ultimate allowable stress cutoff values for metallic designs can be
specified in terms of actual stress values or fractions of the material ulti-
mate stresses, Data locations for input of these vaives are 385 through 388,
398, 412, and 413. Cutoff stresses for advanced composite analysis can only
be specified by adjustments of ultimate stresses specified for 0-degree
lamina in locations 1159, 1160, and 1161.

64



Weight Calibration Factors

The final estimated weights for lifting surfaces are computed by the
application of weight factors to derived weights for each of the major
structural components of the surface. Specified coefficients are first
applied to the structural elements assigned to these components. The total
sum of all the major components is then adjusted by a single total surface
coefficient, specified in data array location 250.

The major structural components and the weight coefficient data locations
are listed in the following paragraphs. Data sets containing element weight
coefficients are also identified.

Torque-Box Structure

The coefficient value in location 600 is applied to the outer panel
torque-box weight. This coefficient is not applied to the incremental
weights necessary to satisfy flutter stiffness requirements. Torque-box
element coefficients are in locations 604 through 627. Shear-tie weight
factor is in 520. Locations 1288 through 1294 contain weight factors for the
structural attach weights computed for the seven external concentrated masses.
The data set in locations 650 through 660 is used to indicate locations of
major bulkheads and as weight factors. Locations 1088 through 1107 contain
individusl panei weight factors and input incremental weights for calibration
of torqu--box weight and panel distributions.

Pivot Structure

The data set in locations 530 through 536 contain weight coefficients for
the pivot structures. Location 530 is the total pivot factor.
Center-Section Structure

locations 481 through 505 contain the center-section weight coefficient
data set. The total center-section factor is location 481. The other factors
are organized and used in the same manner as the outer-panel torque-box data.
Leading Edge Structure

The total leading edge structure weight coefficient is in location 601.
Individual fixed leading edge factors for wing, horizontal tail, and vertical

tail are in 1206, 1216, and 1226, respectively. Weight factors for the three
control surface devices that may be spzcified are in 1509, 1519, and 1529.
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Trailing Edge Structure

The total trailing edge structure weight coefficient is in location 602.
Individual fixed trailing edge factors for each surface type are in 1236,
1251, and 1266. Spoiler coefficients are in 1588 and 1603; wing flap-type
control surface coefficients are in 1629, 1649, 1669, and 1689; elevator
coefficient is in 1709; and rudder coefficient is in 1729.

Tip Structure

Location 1956 contains the weight coefficient for surface tip structure.

Secondary Structure

Location 603 contains the weight coefficient for secondary structures.
Secondary structure weights are estimated with this factor applied to the
total weights computed for the surface, before application of the specified
total surface factor in location 250.
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MONULE STRUCTURE

The overlay subroutine structure for each overlay of the wing and empen-
nage module is shown in Figures 2 through 9. These overlays are presented in
the general order of execution. The order of subroutine execu:ion by the pri-
mary control routine is left to right. Table 2 contains names and short des-
criptions of the subrcutines required in each overlay.

MODULE EXECUTION

SWEEP is restricted to operate as a two-level overlay program, thus, the
wing and empennage module overlays are executed as chain programs. SWEEP con-
trol program PLAYOO contains the necessary logic for execution of all module
overlays. Horizontal tail surfaces are analyzed first, followed by analysis
of vertical tails, and last, the wing. The internal control codes used by
@LAY00 to determine if each surface is to be analyzed is stored in locations
2, 5, and 6 of array IFL, labeled common block IFL@W. (Table 8, Volume II,
'"Program Integration and Data Management Module''). The contents of these
cells are as specified in colums 72, 75, and 76 of case control card 2
(Table 4, Volume II). @LAYOO stores the proper code value used to identify the
surface type being analyzed in location 2 of array XMISC.

Program @LAY00 also selects the torque-box structural synthesis/weighf
analysis overlays to be executed for the surface - overlay (9,0) and (10,0)
for metallic designs, and overlay (18,0) for advanced -omposite designs.
Execution is dictated by the cortents of IFL array locations 11 through 13,
as specified by input control codes on case control card 2, colums 39
through 44.

Program @LAY00 prints module execution heading data for each surface ana-
lyzed if directed by print control code in colum 40 case control card 1
(Table 3, Volume II). The printed heading identifies the surface, the gen-
eral torque-box material type, and the module overlays to be executed.

EXECUTION OF METALLIC TORQUE-BOX DESIGN OVERLAYS

The metallic torque-box analysis overlays (9,0) and (10,0) are executed
in tandem. Overlay (10.0) is executed under control of subroutine TB@PT in
overlay (9,0). The function of overlay (10,0) is to synthesize torque-box
structure and evaluate the structural weight requirements to given sets of
criteria specified by subroutine TBPPT. The analysis loops for gross weight
passes and deadweight iterations are controlled in the logic the between sub-
routines PRJG and TBPPT of overlay (9,0). Overlay (10,0) is executed based
on these controls plus the optional optimization loop control by TB@PT.
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The TB@PT logic requires six calls to subroutine CNSTR, the basic control
rcatine for overlay (10,0), with mandatory returns to the appropriate parts
of TBPPT. The chain-type overlay structure and the position of TB@PT relative
to the SWEEP control program results in the use of a status code word to con-
trol the logic flow from TB@PT to CNSTR. Location 39 of array XMISC is used
to store control code values to be used to control the path to be followed dur-
ing the calls to and returns from CNSIR.

The calls .. _NSTR from TB@PT require that control be returned to subrou-
tine PRYG, which returns to program PLAY9 and then to SWEEP control program
(BLAY0OO before overlay (10,0) can be loaded and subroutine CNSTR executed. The
return from (NSTR follows the same pach. The logic path in @LAY00, PRAG, and
TB@PT is dictated by the code value in XMISC(39).

MODULE STORAGE ARRANGEMENT

BLANK COMAN

Data computed by wing and empennage module subprograms are primarily
stored in blank common. The blank common block in each overlay is blocked
into six primary regions, each assigned array names as shown in Table 3.
Access to all data cell locations in blank common is made through direct refer-
ences to these arrays or through subarray and variable names equivalenced to
these arrays.

The D array is used to store case input data. Array ND contains integer
constants and variables. The T, CD, TW, 'nd CT arrays are used for storage of
calculated data; each array is organized into data sets arranged either for the
data requirements of downsiream overlays or the storage requirements for the
subroutines within that overlay. Core maps for these arrays can be found in
Sections III through V.

MODULE/OVERLAY DATA REQUIREMENTS
The primary method of data transmission from overlay to overlay is

through blank common. Mass storage file records are only used to transmit
computed data that cannot be saved in blank common.

Blank Common Initialization

The procedure used to load overlays into core for execution uses the
PPLPADER, which is in the blank common region during the loading of overlay
subprograms. The contents of blank common are saved by the exiting overlay
program by the BUFFER @UT instruction. Blank common is reset by the incoming
overlay program by the BUFFER IN instruction. File TAPE24 is used as the stur-
age medium for blank common.
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Input Data
Input data for the wing and empennage module consist of the following:

1. Variable data for each surface which are input through input data
decks WING, HORIZONTAL, and VERTICAL, Data from these decks are
merged into the data sets containing default values for each surface.
These defaults are initialized from the SWEEP permanent data bank.

2. Design variables computed by previously executed SWEEP modules - the
data management and the flutter and temperature modules. Subroutine
CCNTL, overlay (8,0), processes the appropriate surface data, stored
on mass storage file 1, records 21 and 38, into the D array before
problem execution,

3. Program constants for airfoil cross-section and flutter analysis, data
values from the SWEEP permanent data bank, stored on reccrds 36 and
37, mass storage file 1.

4. Material properties for metallic designs, contained in the material
properties library of the SWEEP permanent data bank. Library infor-
mation is obtained as required from records 41 through 60 of mass
storage file 1.

5. Execution and design information stored in SWEEP labeled common
blocks MISC and IPRINT.

Output Data

The primary output of the wing and empennage module consists of group
weight an¢ balance results for the surface being analyzed. The computed data
required by SWEEP modul: output, overlay (13,0), are stored in array FDAT,
labeled common block FDATT. Computed weights for each surface are also sum-
marized and printed by subroutine WPDATA, overlay (17,0). The primary weight
summary data for each surface are shown in Figures 10 through 12.

Data for input to the stand-alone Flexible Load Analysis Program and

Flutter Optimization Program are output as punched output on data cards or as
printed output. b

Mass Storage File Records

Mass storage file records used by the wing and empennage module are
listed in Table 4. Pertinent information for each record is presented in
this table.
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MODULE CORE MAPS

Labeled Common Arrays

Core maps for labeled common arrvays FDAT, XMISC, and IP can be found in
Tables S through 7. Array FDAT is used only by subroutine PRID, overlay (17,0).
Arrays XMISC and IP are used by all module overlays.

Blank Common Arrays

Core maps for variable-data array D and integer constants array ND are
presented in Tables 8 and 9. Table 10 contains the core map for array DC,
a subarray of array D, used primarily to store program constants. Tables 11
and 12 contain subroutine reference information for array D, Table 11 is
based on numerical order of the D array data cells, and Table 12 by alphabe-
tical order of variable names assigned to array D. Subroutine reference
information for arrays ND and DC are presented in Tables 13 and 14.
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TABLL 5. FDAT ARRAY, FINAL OUTPUI DATA

T NI T

General information for array FDAT:

Core location = Labeled common block FDATT

Array size = 60 cells

Calculated weights for wing and empennage structure are stored in FDAT
array by subroutine PRID, overlay (17, 0) in locations 1-30. Weight
information is organized into group weight statement type breakdown.

Locations 31-60 are used by overlays (6, 0), (7, 0), and (12, 0) to
store calculated weight data for other structure groups.

Array
Location Description
Locations 1-14 contain wing group weight data
1 Wy, total wing structure, lb per A/V
2 XgGs X-coordinate for total wing structure CG, fuselage
station
3 Wc-SEC, basis structure, center seation, lb per A/V
4 WpivoT, basic structure, pivot, 1b per A/V
5 WopNL» basic structure, outer panel, 1b per A/V
6 WAIL, ailerons, 1b per A/V
i Wrre, flaps, trailing edge, 1lb per A/V
8 WgLg, flaps, leading edge, 1b per A/V
9 WSLATS, slats, 1b per A/V
10 Wgp, spoilers, 1b per A/V
11 WMISc, secondary structures, lb per A/V
12 Wrip, basic structure, tips, 1lb per A/V
13 Not used
14 Not used
Locations 15-22 contain horizontal tail group weight data
15 Wi, total horizontal tail structure, 1lb per A/V
16 Xcg, X-coordinate for total horizontal tail structure CG,
fuselage station

17 Wc-sgcs basic structure, center section/spindle, 1b per A/V
18 WOPNL, basic structure, outer panel, 1b per A/V
19 WELLV, elevator, 1b per A/V
20 WMISC, secondary structures, lb per A/V
21 Not used
22 Not used
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TABLE 5. FDAT ARRAY, FINAL OUTPUT DATA (CONCL)

Array
Location Description
Locations 23-30 contain vertical tail group weight data
23 WyT, total vertical tail structure, 1b per A/V
24 XcG, X-coordinate for total vertical tail structure CG,
fuselage station
25 Wc-~EC, basic structure, center-section/spindle, 1b per A/V
26 WopNL, basic structure, outer panel, 1b per A/V
27 WruD, rudder, 1lb per A/V
28 WMIsc, secondary structures, 1b per A/V
29 Not used
30 Not used
31-60° Used by landing gear, air induction system, and fuselage

modules
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TABLE 6. XMISC ARRAY

General information for array XMISC:

Core location = labeled common block MISC.
Array size = 100 cells.

Data type: Real in locations 1-69
Aiphanumeric in locations 70-100

Array contains case control information and computed design data.

Only the locations pertaining to the wing and empennage module are
defined in this table. Definitions for the other locations can be
found in Table 9, Volume II.

Defined Used
Array
Loc | Routine | Overlay | Routine | Overlay Description
1 READ (1,0) | CCNTL (8,0) Number of arrays of material

MFCNTL | (11,0) | properties in mass storage in
records 41-60

2 @LAY00 (0,0) | CCNTL (8,0) Component indicator for wing and
AL@AD (16,0) | empennage module

1 = wing
2 = horizontal tail
3 = vertical tail

3 @LAY00 (0,0) | PLAY0OO | (0,0) Logic control code, for execution
PRAG (9,0) of wing and empennage module over-
lays, (9,0), (10,0), and (17,0)
metal designs. Defines overlay
to be executed on return of con-
trol from overlay (9,0) to over-
lay (0,0):

0.0 = execute overlay (10,0)

1.0 = execute overlay (17,0)
_ Initialized at 0.0 by program
) PLAY00 and set to 1.0 by PR@G,
i overlay (9,0) at conclusion of

torque box analysis.
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TABLE 6. XMISC ARRAY (CONT)

DI R D SR

Defined Used
Array
Loc Routine | Overlay | Routine | Overlay Description
4 PLAY00 (0,0) | READ (1,0) Case number
CCNTL (8,0)
5 WHVQQ (3,0) | CCNTL (8,0) Dynamic pressure for wing flutter
design, 1b/ft2 -
6 WHVQQ (3,0) | CONTL (8,0) Dynamic pressure for vertical
tail flutter design, 1b/ft2
7 WHVQQ (3,0) | CCNTL (8,0) Dynamic pressure for horizontal
: tail flutter design, 1b/ft2
8 WHVNET (4,0) | CCNTL (8,0) Wing design (reference) tempera-
ture, © F
9 WHVNET (4,0) | CCNTL (8,0) Vertical tail design (reference)
temperature, © F
10 WHVNET (4,0) | CCNTIL (8,0) Horizontal tail design
(reference) temperature, © F
26 WHVGE@ (2,0) | CCNTL (8,0) Sweep of wing quarter-chord
(forward position variable-
sweep only), deg
28 WHVQQ (3,0) | CCNTL (8,0) Wing structural material shear
modulus at design flutter
point, 1b/in.?2
29 WHVQQ (3,0) | CCNTL (8,0) Horizontal .tail structural
material shear modulus at
design flutter point, 1b/in.2
30 WHVQQ (3,0) | CCNTL (8,0) Vertical tail structural mater-'
ial shear modulus at design
flutter point, 1b/in.2
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TABLE 6.

XMISC ARRAY (CONT)

Defined Used
Array
Loc Routine | Overlay | Routine | Overlay Description
39 @LAY00 (0,0) | PRAG (9,0) Logic control code for execution
PROG (9,0) | TB@PT (9,0) of wing and empennage module
TBPPT (9,0) overlays (9,0) and (10,0),

metallic designs. Code value
of 0.0 through 7.0 determine
the logic path to be executed
in subroutines PRAG and TB@PT,
overlay (9,0), after return of
control from subroutine CNSTR,
overlay (10,0): .

0.0 = initial call to sub-
routine PROG from
program @LAY9 and to
subroutine TB@PT from
subroutine PRAG during
the deadweight itera-
tion passes.

1.0 - 6.0 = return code for
subroutines PR@G and
TBPPT. Identifies
logic status and call
statement to subroutine
CNSTR of overlay (10,0)
from subroutine TB@PT,
overlay (9,0). Code
values used by PRYG and
TBPPT to determine con-
tinuation path.

7.0 = Normal return to sub-
routine PRAG from TB@PT.

Initialized at 0.0 by program
PILAY00 and subroutine PR@G.
Status code values specified
by subroutine TB@PT.
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TABLE 6. XMISC ARRAY (CONCL)

Defined Used
Array
Loc Routine | Overlay | Routine | Overlay Description

42 WHVNET (4,0) | vLgAD (9,0) Indicator to designate that
VLPAD1 | (16,0) | horizontal tail loads have
been reversed
0.0 = loads have not been
reversed
1.0 = loads have been reversed

85- READ | (1,0) | CCNTL (8,0) Case title, and image of case
100 PRTG (8,0) title cards 1 and 2. Locations
PRTA (9,0) 85-100 assigned array name R,
PRTH (9,0) (size = 16 cells).

PRTB (10,0)
PRTC (10,0)
WLETE (14,0)
PRTD (17,0)
ACPRTA | (18,0)
PRTB (15,0)
PRTC (18,0)
PRTH (18,0)
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TABLE 7. IP ARRAY, PRINT CONTROL DATA

General information for array IP:

Core location = Labeled common block IPRINT

Array size = 80 cells

Data type = Integers

Array contains card image information from case control card 1,
colums 1-80.

Code values in each location control printing of data by indicated
subroutines (sample output can be found in Appendix A, Volume IX,
User's Manual). Code value 0 indicates print; 1 indicates no
printing.

Locations identified with an asterisk (*) indicate controls for related
data printed under control of other SWEEP modules.

Indicated names are for printing subroutines; names in brackets
identifies subroutine where print control tests are made.

Array information is used for each execution of module during a given
case; thus, printed output for executed wing and empennage problems
will be the same.

Array Printing

Location| Subroutine |Overlay Description
1% READ (1, 0) | Permanent data, first case only
2 READ (1, 0) | Current case variable data
3 CONTL (8, 0) |Variable data arrays:

1. Output of initial status of D array
locations subject to revision with
design data transferred through
WP, SPAL, and XMISC arrays

2. Output of WD array

3. Output of complete D array

4. Output of SPAL array

4 GE@MC (8, 0) ]| YC, YTC, and TAF arrays
5 DMAX (8, C) | Parts of YC, YIC, and TAF arrays; D;
calculations at point Yj, Xj
ABPXC (8, 0) [Parts of YIC and TT arrays; area calcula-
tions of station Y;
TBWDC (8, 0) | Headings for DMAX output
6 PRIG (GE@MW) | (8, 0) | Geometry summary data
7 VSGHEM (8, 0) | TVS array
PRTG (8, 0) | TXY array, if IP(6) =
GEMW (8, 0) | TGJ array
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TABLE 7. IP ARRAY, PRINT CONTROL DATA (CONT)
Array Printing
Location Subroutine |Overlay Description
8 CT@T1 (14, 0) |YC array; station Y,X for chord
calculations
GCNTL (14, 0) |Heading for CT@T1 output
LEWT (14, 0) |Heading for CT@T1 output
TEWT (14, 0) |Heading for CT@T1 o _put
TEDEV (14, 0) [Heading for CI@T1 output
TEWTI (14, 0) |Heading for CT@T1 output
9 GONTL (14, 0) | TG and TGA arrays
10 LETEI (14, 0) | TCS, CLEI, and TWG arrays for leading
edge; TCS CTEI, and TWG arrays for
trailing edge
11 LEWT (14, 0) | TGR, TST, CCI, CCL, and CCW arrays
TEWT (14, 0) [CCow, CCT, and TE arrays
TEWTI (14, 0) [ TGR, TST, and CCI arrays
12 WLETE (14, 0) |Heading and trailing edge weight and
distribution data and 1-g loads summary
13 MISCNT (15, 0) [CC1, TST, and TGR arrays
PRTM (MISCIT) | (15, 0) [CCI, TST, TGR, and TCS arrays
14 MISCNT (15, 0) [CMII and TVMT arrays
PRTM (MISCIT) | (15, 0) [TCS and CCl arrays
15 CToT12 (15, 0) [YC array, station Y,X for chord
calculations
MISCNT (15, 0) |Heading for CT@T2 output
MISCIT (15, 0) |Heading for CT@T2 output
CDL (15, 0) |Heading for CT@T2 output
FDIS (15, 0) |Heading for CI@T2 output
16 CDL (15, 0) | TGR and TCS arrays
TBFWI1 (15, 0) |CCI and TCS arrays
17 FDIS (15, 0) |CcC1, TST, TCS, TWG, and TWMT arrays
18 FDIS (15, 0) | Fuel distribution summary
19 MILPW (MTLCW)[(16, O) |Material properties data, metal design
TEMPC (18, 0) |Material properties data, adv comp
design
20 ALPAD (16, 0) | Limit airload and load correction factor
sumnary for metal design
ACL@AD (18, 0) | Limit airload and design data summary
and ACL array, adv comp design
21 ABLW (16, 0) | Initial deadweight distribution data
22 GJCAL (16, 0) | Flutter requirement analysis, summary of
results and TVF and TGJ arrays
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TABLE 7. IP ARRAY, PRINT CONTROL DATA (CONT)
Array Printing
Location | Subroutine |Overlay Description
GJTT (16, 0) |T-tail flutter requirement analysis data
23 WDDATA (16, 0) |Core status of T and CD arrays at end of
overlay (16,0) calculations
24 VLOAD1 (16, 0) | Initial design loads summary for DGWQ
and flutter requirement data
DEADW (9, 0) [Deadweight summary and adjustment
results for N@DW >1, DGW;
DWYBA (9, 0) |Deadweight and Y-bar adjustment .lata for
N@DW >1, DGW;
VL@AD (9, 0) (Design loads and required GJ for
. N@DW >1, DGW;
DEADW (18, 0) | Deadweight summary and adjustment results
for NgDW >1, DGW;
DWYBA (18, 0) | Deadweight and Y-bar adjustment data for
N@DW >1, DGW;
AVLOAD (18, 0) | Design loads, required GJ, loads at each
condition, DGW;
25 DEADW (9, 0) | Deadweight summary and adjustment results
for N@DW=1, DGW;
DWYBA (9, 0) | Deadweight and Y-bar adjustment data for
N@DW=1, DGW;
VL@AD (9, 0) | Design loads and required GJ for
N@DW=1, DGWj
DEADW (18, 0) | Deadweight summary and adjustment results
for N@DW=1, DGW;
DWYBA (18, 0) | Deadweight and Y-bar adjustment data for
N@DW=1, DGWj
AVL@AD (18, 0) | Design loads, required GJ, loads at each
condition for N@DW=1, DGWj
26 PIV@T (9, 0) | Pivot design summary data and dump of
T(881=1200)
DLPVT (9, 0) | Dump of TW array, torque-box weight per
inch detail data
PIVQT (18, 0) | Same as preceding
DLPVT (18, 0) | Same as preceding
27 PRTA(TB@PT) | (9, 0) | Design synthesis and weight distribution
summary for N@DW >1, DGW2
ACPRTA (18, 0) | Design synthesis and weight distribution
(ATB@PT) summary for N@DW >1, DGW2
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TABLE 7. 1P ARRAY, PRINT CONTROL DATA (CONCL)
Array Printing
Location | Subroutine |Overlay Description
35 CT@T (17, 0) |YC array, station Y,X for chord
calculations
WVFDD (17, 0) |Heading for CT@T output
WFLDD (17, 0) |Heading for CT@T output
36 W@DATA (17, 0) | Inertia summary, total structure and
contents
37 PRTD (17, 0) |[Detail weight summaries and specified
weight coefficients
38 WPDATA (17, 0) |wCG, CTBW, CTBI, CLEI, CTEI, CMII

CFL1I, CFL2I, CCDLI, CI@Y, and CCI
arrays; mass distribution summary
data arays

The following locations are not used by the wing and empennage module.
These locations identify wing and empennage related design data printed

by other SWEEP routines.

40%
a1+

42%
43
47%

51*
53*
54%

@LAY00
WHVMAT
WHVOO

SVFTAB
SPDALT
DSGNPR
DATAIN
DMAXLD
DDCNTL
SPABM

WHVNET
BLCNTL

(0, 0)
(3, 0)
(3, 0)
(3, 0)
(2, 0)
(2, 0)
(2, 0)
(2, 0)
(2, 0)
(4, 0)
(4, 0)
(4, 0)

Case title and executed module title

Stress versus temperature tables

Compressible dynamic pressures

Flutter parameter versus mach iamber

Speed profile tables

Speed profile design factors

DC array

Estimated shears and mciments

WD array

Calculated shears and moments

Design loads and load correction factors

Temperature and stress for 23 load con-
ditions, design temperature, and load
conditions and maximum estimated net
bending moments for fatigue analysis
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TABLE 8. D ARRAY, INPUT VARIABLE DATA

General information for array D:
Blank common reference location = 2061.
Array size = 2060 cells

Default values are from the SWEEP permanent data bank data sets for
wing, horizontal tail, and vertical tail analysis, mass storage file
records 23, 26, and 27, respectively. The D array is initialized with
these values before the WING, HORIZONTAL, and VERTICAL input data
decks are processed for the initial case in a problem setup or for
subsequent cases where column 80 of case control card 2 contains a
code value of 1. Default value changes can be made either with
input data or by revising the permanent data decks.

Locations identified with an asterisk (*) are the variables which may
be inputed either through the GENERAL input data decks or from data
calculated by the data management module and the flutter and temp-
erature module.

Refer to tables 11 and 12 for assigned variable names and sizes and
for location references by overlays and subroutines.

Array Default
Loc Value Description
|

1 1.0 CONSTANT = 1.0

2 2.0 CONSTANT = 2.0

3 3.0 CONSTANT == 3.0

4 4.0 CONSTANT = 4.0

S 5.0 CONSTANT = 5.0

6 6.0 CONSTANT = 6.0

7 7.0 CONSTANT = 7.0

8 8.0 CONSTANT = 8.0

9 9.0 CONSTANT = 9.0

10 10.0 CONSTANT = 10.0
11 11.0 CONSTANT = 11.0

E 12 12.0 CONSTANT = 12.0

18 20.0 CONSTANT = 20.0
14 1000.0 CONSTANT = 1000.0
15 3.1415927 CONSTANT = PI

16 0.01745529 CONSTANT = PI/180
17 144.0 CONSTANT = 114.0
18 24.0 CONSTANT = 24.0
19 0.50 CONSTANT = 1/2
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TABLE 8. D ARRAY, INPUT VARIABLE DATA (CONT)

Array Default

Loc Value Description

20 1.5 CONSTANT = 1.5

21 0.33333333 CONSTANT = 1/3

22 0.95 CONSTANT = 0.95

23 1.5 ATT MISC FACTOR, SUBR STBAR, STWEB

24 1.050 ATT MISC FACTOR, SUBR STRIB, NAME = DKMIR

25 0.75 CONSTANT, SUBR STRIB -

26 0.3555 OPTIMUM RATIO OF STRINGER FLANGE TO WEB

27 0.125 COVER MISC CONSTANT

28 0.4292 COVER MISC CONSTANT

29 0.75 RIVET SPACING

30 0.001 SEARCH CONSTANT, SUBR STBAR

31 1.01 SEARCH CONSTANT, SUBR TSCH

32 0.06 SEARCH CONSTANT, SUBR TSCH

33 10.0 SEARCH CONSTANT, SUBR TSCH

34 0.01 SEARCH CONSTANT, SUBR TSCH

35 0.045 SEARCH CONSTANT, SUBR TSCH

36 0.95 SEARCH CONSTANT, SUBR BOT

37 0.995 SEARCH CONSTANT, SUBR SFSCH

38 0.9 SEARCH CONSTANT, SUBR SFSCH

39 0.1 SEARCH CONSTANT, SUBR SFSCH

40 1.8 ROOT RIB CAP CONSTANT

41 0.5 REDUCED MODULUS(ER) CONSTANT FOR FLAT PLATES
42 n.35 REDUCED MODULUS (ER) CONSTANT FOR FLAT PLATES
43 0.25 REDUCED MODULUS (ER) CONSTANT FOR FLAT PLATES
44 0.75 REDUCED MODULUS(ER) CONSTANT FOR FLAT PLATES
45 0.83 SPAR WEB GEN INSTAB RED MOD (ERG) CONSTANT
46 0.17 SPAR WEB GEN INSTAB RED MOD (ERG) CONSTANT
47 0.0 NOT USED

48 0.0 NOT USED

49 0.0 NOT USED

50 0.25 CONSTANT (1/4)

51 0.66667 CONSTANT (2/3)

52 0.02 CONSTANT (0.02)

53 0.0 NOT USED

54 0.78539795 CONSTANT, SUBR BHDJT, STWEB

55 0.0 NOT USED
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